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© A replaceable filter cartridge 40 that haa a pe- 
ripheral frame 44 and a sheetlike filter mediurn 42 
can be made in a simple, Inexpensive, insert-nwjid- 
ing operation. The mold 10 has a cavity 14 for 
producing a peripheral frame 30 and shutoffs 16,20 
permitting each end of the strip 42 to extend across 
the cavity 14. Restn injected into the cavity 14 flows 



through and dismpts the can^nuity of ih» strip 42 
where it extends across the cavity 14, preferably 
fusing fibers of ^e filter medium 42 Mo the resin 
that forms the frame 30. When the fitter mecfium 42 
Is p/eated, its tongifudiriaf edges are seated to. the 
frame 44 in a serpentine path. 
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Background of the Invention 

Field of the Invention 

Hie Invention concerns fitter elements or car- 
tridges of tiie type having a peripheral frame and a 
sheetffice filter medium. More spectficaily, the in- 
vention concerns Alter cartridges for positive pres- 
sure respiratory protection devices which provide 
dust/mrst^fume or high efficiency particulate air 
("hiEPA") rated protection for an individual wearing 
tiie device. 

Description oT the Heiated Art 

Fleplaceable filter cartridges of the type having 
a peripiieral firame and eitfter pleated or a flat 
sheetlike filter medium are often used in respirator 
masks and in powered air purifying respirators. 
They desirably have i-IEPA quality filtration perfor- 
mance, I.e., showlr^ less than O.CK3% particle pene- 
tration when challenged with a thermally generated 
0^ micrometer droctyl ptitlialate aerosol at a flow 
rate of 85 iMiin. Rtter media suitable for HI=PA 
filter cartridges include glass fitters, wefos based on 
electret-containing split film fitters, solution blown 
microflbers (i.e. polycarbonate microfibers) and 
iTiBit blown mlcroHbers. preferably polyoletin based 
electret-containing melt blown microfibers such as 
polypropylene. 

In the manufacture of replaceable HEPA filter 
cartridges of ftie type having a peripheral frame 
and a sheet-like filter medium, the medium typi- 
cally is sealed to the frame by an adhesive. Some- 
times this Is done by posltlonrng the edges of the 
filter medium In contact with the frame and squirt- 
ing the adhesive against the frame. When the 
frame is cylindrical, the adhesive can be applied to 
the Inner wall of the frame by cwitrifugal force. 
Regardless of how the adhesive Is applied, doing 
so Is labor intensive, and there is a hazard that the 
entire periphery miglil not be perfectly sealed. 

In U.S PaL 1^. 3.183,285 (Boylan), after an 
expansible plastic compound is poured into a pie- 
ripheral channel of a border frame mold, the edges 
of the filter medium are moved Into contact with 
the plastic compound. An upper mold member is 
damped to cbse the channel and pinch the filter 
medium along a line just inside tlio periphery oT the 
filter medium. Then the plastic compound is al- 
lowed to expand to the limits of the closed channel, 
thus impregnating only that portion of the filter 
nnedlum tiiat extends into the channel, after which 
the completed filter assembly (cartridge) Is re- 
moved from the moid. 

Dy using a pleated filter mti»dluiii, a filter car- 
tridge can have both a small peripheral frame and 
a large surface area to produce a filter having a low 



pressure drop, but pleating makes It more difficult 
to seal a fitter medium to a frame. U.S. Pat. No. 
3,183,286 {Harms) concerns a method similar to 
that of the Boylan patent except that the filter 
6 medium is pleaded. The edges of the pleats are 
pinched between interiocking male and female ]lg 
members. The expansible plastic compound Is 
then e^piied to flat panels which &re moved Into 
position to enclose channels encompassing the 

10 edges of tho pleats that protrude from the interlooi^ 
ing jig members, and the plastic compound is 
allowed to expand to fill the channels, thus Impreg- 
nating pnly those portions of the pleated filter me- 
dium that extend into the channels. 

16 U.8. Pat No. 3«235,633 (Hoiloway et al.) con- 

cerns a replaceable filter element (cartridge) that 
has a ploated filter nnedium, tho edges of which aro 
sealed by a foamable polyurethane resin. The. 
method of making the Hoiloway filter element di^ 

20 fers from that of the IHanns patent in that tiie so- 
called border frame zone or mold into which the 
foamable resin is poured is not closed. 

U.S. Pat. No. 3,6d5,012 O^lland) shows a gas 
permoabie ploated filter medium, eacii end of 

25 whidi is secured to a housing by a pair of dtps 
that may provide a sufficient seal between the filter 
medium and the housing so that no further sealant 
is heeded therebetween. While the filter medium is. 
held by. those clips, the hou^ng is completed by 

30 forming two end walls, e.g., by molding or dipping 
in a hardenablo liquid plaetlc, to oncopouloto the 
pleated edges of the After medium. 

U.S. Pat No. 3.869,392 (Wolf) says that prior 
pleated filter cartridges lacked sufficient strength or 

36 stiffness to resist distortion when sealed into a 
housing, and says that this problem is overcome 
by metal reinforcing strips at the ends of the folds. 
A unitary structure (fifter cartridge) Is assembled by 
molding a frame in situ about each end fold of the 

40 filter medium while ^e relnfordng memfc»er is in 
portion. 

U.5. Pat No. 4,386,948 (ChokskI et al.) also 
shows a filter d^ce (cartridge) containing a pleat- 
ed filter medium. 

4S 

Other Prior Art 

After describing problems with respirator 
masks having filter cartridges, U.S. Pat No. 

50 3.861 ,381 (Witman) describes Injection molding the 
shell (facepiece) of a respirator mask so that It 
flows around the edges of a filter medium. "The 
mold \Qtiich shapes the shell and holds the filter 
during molding Is provided with compression areas 

55 which pinch off the major portion of tlie fitter while 
allowing me material of the shell to penetrate a 
predetemiined distance into the filter thereby en- 
capsulating and sealing the edges of tfie filter and 
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joining it to the shell. Support pins may be used in 
the mold to locale the filter prior to the molding 
operation" (col. 2. lines 32-39). A "contirtuous cir- 
cumferential portion of the fiHer in the vldrUty of its 
periphery Is compressed as at 14, to the point 
where It is no longer porous to the melted plastic, 
thus preventing the poiiotraUuri uf stiell material 
Into the working area of the filter during the mold- 
ing operation" (col. 3. lines 47-54). The melted 
plastic flows into the interstices between the urn 
compressed flbere outside the lines of compression 
and solidified around those fibers while either melt- 
ing those or otherwise becoming bonded . Id the 
pariphory of th© filter medium. 

WItman suggests three types of fibers for his 
filter medium: first, high-melting fibers such as un- 
treated glass tfmt will be unchanged by the Injected 
plastic; second, fibers that will melt in the injected 
plastic; and third, glass fiber having a chemically 
reactive sliane coating, 

U.S. Pat. No. 2.G22,'117 {Bradley ©t al.) also 
concerns a respirator mask thai Is made by mow- 
ing a facepiece of a respirator mask around the 
edges of a filter medium. Before doing so, the 
edges of the filter medium are sprayed with an 
adhesive. By pinching the filter medium just inside 
the edges while the adhesive is hardening, the 
edges are more receptive to the plastic material 
that fomis a facepiece. 

Summary of ttie Invention 

The invention provides a filter cartridge having 
a peripheral frame surrounding a filter medium 
which can be produced in a simple, inexpensive 
insert-mowing operation and is believed to k>e 
more economical and at least equal In quality to 
any prior filter cartridge. Briefly^ the novel filter 
cartridge comprises a resinous peripheral frarne, 
the inner face of which encompasses an opening, 
and a strip of sheetiike filter medium that can be 
pleated or flat and Is sealed to the frame at its 
Inner face to cover said opening completely, with 
each end of the strip extending across the frame 
and being disrupted where it extends across the 
frame. 

Preferably, the frame is fbnmed with a confinu- 
ous sealing surface by which it can t>e sealed to a 
housing of a filtering device such as a respirator 
mask or a powered air purifying respirator. 

The filter medium ot a noNB\ filter cartridge can 
contain infusible fibers such as glass flbersr fusible 
fibers such as thenmoplastic fibers, or a mixture of 
fusible and infusit^le fibers. Preferably the fibers are 
predominantly thermoplastic fibers which can be at 
least partially fused into the resinous frame, thus 
enhancing the integrity of the filter cartridge. Espe- 
cially preferred thermoplastic fibers are electret- 



containing m It blown microfibers (BMF) such as 
those described in U.S. Pat No. 4,215,662 (Kublk 
et al.) or split film fibers such as those described in 
Pat. No. Re. 30,782 (van Tumhout et al.), 

5 t)ecause they exhibit high particle capture efficien- 
cies with an accompanying tow pressure drop 
across the filter medium. TlierniO(;laslH: fllt»r meUltt 
such as the BMP and split film filter media typically 
have high void volumes and consequently are rela- 

70 tively thick and bulky, making fiiem difficult to 
handle In manufacturing opemtiohs, but they ar 
readily Incorporated into the filter cartridges of the 
present Invention. Economy of manufacture of the 
novel filter cartridge is realised, in pari, because 

75 the strip of filter medium need not be trimmed to a 
precise length prior to formation of the cartridg 
frame but rather, because the ends of the strip 
extend across the frame, they can fc>e trimmed off 
after the frame has been formed. 

20 An injection mold for producing a filter car- 
tridge of the Invention oan receive a atrip of aheet- 
llke filter medium Isetween halves which mate to 
fonm 1) inner and outer walls of a cavity for produc- 
ing a peripheral frame that encompasses an open- 

25 Ing, 2) an inner shutoff for pinching said strip along 
the entire Inner wall. 3) outer shutoff means at the 
outer wall penmltting each end of the strip to ex- 
tend across the cavity, and A) means for injecting 
resin Into the cavity to fiow through and disnjpt 

ao each end of the stip where it extends across the 
cavity. Said outer shutoff means can be a single 
shutott along trie entire outer wall of the cavity to 
penmK Ifie strip of filter medium to extend across 
the cavity along its entire circumference. When the 

35 injection mold has a rectangular cavity, said outer 
shutoff means can be provided by a shutoff at each 
of opposite sides of the cavity, each for pinching 
one end of the strip of sheetlike filter medium. 

Using such an Injection mold, a fitter cartridge 

40 of the invention can be made by the steps of: 

a) drawing a strip of sheetlike filter medium 
across one half of the mold, 

b) closing the mold halves around the strip with 
said Inner shutoff pinching said strip along said 

46 entire inner wall and with each end of the strip 
extending across tiie cavity between said inner 
shutoff and said outer shutoff means, 

c) injecting resin into said cavity to flow through 
and disrupt the filter medium where it extends 

so across the cavity and to fill the cavity, 

d) aiioWmg the Injected resin to harden, and 

e) ejecting the hardened resin and entrapped 
filter medium from the moki to provide a filter 
cartridge. 

56 Preferably step e) is followed by the stop of 

f) trimming the excess filter medium which x- 
tends from the exterior surface of the frame wall 
as . well as trimming any gating and runner areas 
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extending beyond the frame. ' 
The injected reah can be either thenmoptasUc 
or thermosetting, tnit preterabiy is a thermoplastic 
rosin that haidens quicWy for rapid reuse of the 
mold. When the filter medium contains themnoplas- 6 
tic fibers, the fibers preferably comprise thermo- 
plastic resin that is melted by the heat of the 
injected re^n. Filter cartridges d enhanced integ- 
rity are produced if the thermoplastic resin of the 
atjm Is mlsctble with the Injected resin. IdeaUy, to 
the same thermoplastic resin is used In making 
both the filter medium and the frame. Among pre- 
ferred thermoplastic resins are polyolefins such as 
polypropylene. Preferably the injected resin con- 
tains a filler to enhance the dimensional stability ts 
and rigidity of Ihe frame. 

To the extent the* the injected resin does not 
fuse the fibers, the filter medium should be weak 
enough that the resin ftow will cause sufficient 
disruption of the continuity of the medium in those 20 
areas where It extends across the mold cavity to 
allow the resin to flow through the medium. If tfie 
re^n flow is blocked by the filter medium, the 
frame can become resin-starved, end honoe unduly 
weak where the fiiter medium extends across the as 
frame. When a high proportion of the fillers is 
infusible, it is preferable that the filter medium be a 
nonwoven material rather than a woven or knitted 
material so that the filter medium can be more 
readily disrupted by the ftow of injected resin. An so 
exoeption to thte prefaronco would occur If the 
infusible fibers were so weak that a woven filter 
medium would be broken by the resro flow. 

When the Iniected resin contacts fibers of a 
fusibte filter medium, the fibers typically become ss 
more completely fused near the center of the 
frame than at Ks margins. It is believed that this 
happens as a conseqiierw*e of noolino at the cavity 
walls and possibly also to retarded flow adjacent to 
the cavity walla. To the extent thai the injected 4o 
resin does not melt or fuse the fiiter medium fibers, 
it deflects them in tne direcflon of resin flow along 
the maigins of the fieme. When the firame that 
forms in the cavity has a sealing surface, the flow 
through the flier medium oreferably Is directed 45 
away from the sealing surface to ensure against 
any roughening of the sealing surface by deflected 
fibers. 

As has been noted, pleadng of a filter medium 
permits a fitter cartridge to have both a small so 
peripheral frame and a low pressure drop. To ac- 
commodate a pleated filter mecfium, the shutoffs 
that receive the bngltudinal edges of the strip of 
filter medium farm a serpentine opening. When the 
serpentine opening acc mmodates steeply inclined 5S 
pleate, the filter m dium should be precompressed 
where It Is contacted by the serpentine shutoffs to 
prevent the filter medium from being tom when the 



mold halves are closed. When the fiiter media has 
a high proportion of BMP, It can ba precompressed 
to about 10% of Its orlgina) miocness, whicn com* 
pression can be substantially retained on release of 
the compresshre force. Filter cartridges incorporat- 
ing flat or shallowly inclined pieats do not require 
the filter medium to be precompressed as it is not 
as likely to tear when the mold haWes are closed. 

While precompressing areas of a sheetlike filter 
medium that has sevmU layers of thermoplastic 
fibers, heat and pressure can be dmultaneously 
applied, e.g., ultrasonically, to portions of the me- 
dium .to fuse the filjers from the various layers 
together, thereby affording greater integrity to the 
filter medium and making it easier to fiandle. 

RHer constructions having greater Integrity can 
be provided through the use of ieminate construc- 
tions Incorporating a fibrous thermoplastic scrim at 
one or both of the surfeces of the filter medium. 
Preferably the scrim Is fused to the filter medium. 
When the filter medium is pleated, the scrim ma- 
terial also serves as a porous spacer material be- 
tween adjacent pleate, providing for a more uniform . 
dlcAnbution of fiiiid ever Iho fiHor ourfooo ond mlnV- 
mizing reduction of fiie available filter surface area 
caused when adjacent pleate come into contact 
with each other and would othenwise "blind-off" 
those areas in contact with each other. 

THE DRAWINGS 

In the drewlngs, all figures of which are sche- 
matic. 

FIG. 1 is an isometric view of an injection mold 
of file invention, partially cut away to a section, 
with a filter medium in pl^e prior to molding a 
peripheral frame around the filter medium: 
RG- 2 is an isnmatric view a first filter medium 
produced with tiie injection mold of FIG. 1; 
FIG. 3 Is an isometric view of a second filter 
cartridge of tiie invention, partly cut away to a 
section: 

RG. 4 is an enlarged detail of a portion of the 
filter cartridge of FIG 3: 

RG. 5 is an isomeric M\ew of a tYilrd 1i\leT 
cartridge of the invention before trimming off 
excess filter medium; and 
FIG. 6 shows tiie third filter cartridge after trim- 
ming. 

Petaited Description of Preferred Embodi- 
ments 

Before closing the ir^ection mokJ 10 of RQ. 1, 
a flat strip of sheetilke filter medium 12 of tiiermo- 
plastic fibers has been drewn across the lower half 
1 0A of tiie mold until its 1 ading end 12A extends 
beyond one end of the mold while the trailing end 
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12B of the filter medium Is still connected to a 
supply roll (not shown)* The upper half 10B of the 
mold 10 is then closed as shown In FlQ.-l to form 
a cavity 14 which is shaped to form a rectangular 
resinous peripheral frame 30 as shown In FIG. 2. 
Upon doing so, the filter medium is pinched along 
Oie entire periphery of the Inner wall 10 of the 
cavity by a shutoff 16, while a shutoff 20 (one 
shown) pinches the filter medium at tiie outer wail 
22 of the cavity where the ends of the strip extend 
beyond the cavity. Each longihidlnal edge of the 
filter medium 12 protrudes into the cavity 14. 

Injected resin enters the mold cavity 14 
tiirough at least on« runner 26 end gate 28. Tho 
flowing resin forces the filter medium 12 upwardly 
along horizontal portions of the cavity 14 and then 
flows upwardly to form an upstanding wall 32 and a 
continuous sealing surface 34 at the lower end of 
the wall. In doing so, the Injected resin flows 
through and disrupts the mat medium where It 
extends across cavity 14 botwoon tho pair of 
shutoffs 16 and 20 and fuses the thermoplastic 
fibers into the injected resin. Unfused vestiges 36 
of the themioplastic fibers extend upwardly along 
the margins of the wall 32 and away from the 
sealing surface 34. After being ejected from the 
mold 10. another length of the filter medium is 
drawn acrooo tho bottom half 1 0A of the open mold 
to mal<e another filter cartridge, and the frame 30 is 
trimmed along the lines 37 and 38 to provide a 
filter cartridge 39 of the invention. 

FIGS. 3 and 4 show a second filter cartridge 40 
that has a pleated strip of sheetlike filter medium 
42 of thennoplastic fibers sealed to a rectangular 
rocinoue peripheral frame 44. In making the filter 
cartridge 40, the filter medium was precompressed 
at Its pleated edges 48. These precompressed 
areas wer© then pinched at a shutoff while the 
frame 44 was being formed by injection moiding to 
produce an upstanding wall 50 with a sealing sur- 
face 52 at the lower end of the wall. The filter 
medium was also compressed by the shutoff at 
areas 46 (one shown) at the Interior wall of the 
ca\«ty of the mold. The filter medium has also been 
partially compressed at the trimmed outer edge 63 
of the sealing surface 52 by the injected resin as it 
flowed into the mold cavity where the peripheral 
frame 44 was formed. In those areas where the 
filter medium had extended across the cavity in 
which the peripheral frame 44 was formed, thermo- 
plastic fibers have been partially fused into the 
resinous frame, and vestiges 55 of the fit)ers have 
been partially displaced to extend upwardly along 
the sides of the upstanding wall 50. 

FIG. 5 shows an Intermediate stage In the 
manufacture of the third filter cartridge 58 of FIG. 6 
ttiat has been made with a substantially continuous 
length of pleated sheetiike filter medium 60. In RG. 



5. botii th leading and trailing ends 60A and 60B 
of a strip of the filter medium and Its longitudinal 
edges 60C and 60D extend beyond tiie upstanding 
cylindrical wall 62 that forms a peripheral franrio 64 

5 and has a sealing surface 66. After ejection from 
the mold, tiie filter medium 60 is trimmed along the 
outer face of the upstanding wair62 to provide the 
filter cartridge 58 of RQ. 6. 

By employing m anray of injection molds or a 

70 mold with multiple cavities, several of the fitter 
cartridges 58 can be produced simultanebusly. 

It is understood that the present invention may 
encompass a wide variety of fUter cartridge shapes 
beyond the cylindrical end aquare or rectangular 

75 shaped filter cartridges which have been discussed 
above. 

TESTING 

20 POP TESTING 

TOP testing was conducted In accordance with 
CF.a 11 subpart K. para. 11.140-11. 

25 Pi^SSURE DROP TESTIi^G 

Pressure drop across the filter cartridge was 
determined according to proceduree described in 
C.F.R. 11 subpart K, para, 11.140-9 except tiiat the 
30 filter cartridges were not loaded with silica dust 
prior to measuring the pressure drop. 

EXAMPLE 1 

3S A fitter cartridge having a configuration shown 

in Figure 2 was molded to have an interior opening 
measuring 3.7 cm X 3.7 cm and upstanding walls 
1.0 cm high and 0.3 cm thick. Its filter medium 
consisted of six layers of an electret containing 
. 40 BMP web (each layer having a 55 gm/m^ basis 
weight) wHh a polypropylene scrim covering each 
far». The filter medium was infierised into an Inieo 
tion molding tool as shown In Rgure 1, the mold 
closed and a filled polypropylene resin was in- 

45 jected into the moid. The injection molding tool was 
mounted in a l^organ-Press molding machine 
equipped with an approximately 60 cm^ (2 oz.) 
capacity plunger. Resin was injected into the mold 
at approximately 230*'C (4S0°F). After cooling, ttie 

60 filter cartridge was removed from the mold and 
excess filter medium, gating and runner areas were 
trimmed from the frame. 

BCAMPL£2 

65 

A large number of filter cartridge having a 
configtiration similar to that shown in Rgure 3 were 
prepared using the filter medium as described in 
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Example 1 except having 10 pleats, each pleat 3.0 
cm hfgh. The apex of each pleat was spaced 1.1 
cm from that of adjacent pleats and had Inoldo 
pleat seal-off radius of 0.17 cm. The filter medium 
had been preoompreseed to about 0.1 cm along Its s 
lateral edges and then pre-pleated to the previously 
descritsed dimensions prior to Insertion Into the 
molding tool. The filter cartridge frame was formed 
by injecting a general purpose polypropylene resin 
info the mold. Approodmately 825 cm^ of filter mo- fo 
dium was contained within the frame which had an 
Interior openirrg of 12.2 cm X 16.3 cm and a wall 
thickness of 0.25 cm. 

I he resulting filter cartridges showed an aver- 
age DOP penetration of less than 0.01% and an is 
average pressure drop of 6.5 mm H2O at a llow 
rafe of 85 fiters/mln. 

Claims 

20 

1. A filter cartridge 40 ccmiprising 

a resinous peripheral frame 44 which has 
inner feces that encompass an opening, and 

a strip of shftoflike filter medium 42 sealed 
to the frame 44 at its Inner face to cover said 25 
opening completely, with each end of the strip 
42 extending across tf^ frame 44 and the 
continuity ot the strip 42 being disrupted where 
It extends across the frame 44. 

80 

2. A filter cartridge 40 as dofined in cleum 1 
wherein the filter medium 42 comprises ther- 
moplastic fibers that are fused into the frame 
44 where the fitter medium 42 crosses the 
frame 44. 36 

3. A filter cartridge 40 as defined In' ciaim 2 
wherein the thermoplastic fiberK. where the 
filter medium 42 extends across the frame 44, 

are more completely fused near the center of 4o 
the frame 44 than at its maiplns. 

4. A filter cartridge 40 as defined In claim 2 
wherein the thermopliastic fibers 42 comprise 
blown microfibers. 4s 

5. A filter cartridge 40 as defined in claim 1 
wherein the frame 44 contains unfused fibers 
Uiai askf deflected where the filter medium 42 
extends across the frame 44. so 

6. A filter cartridge 40 as defined in claim 5 
wherain the thermoplastic flk^ers, where the 
fitter medium 42 extends across the frame 44. 

are displaced away said sealing surface along ss 
die margins of the frame 44. 

7. An Injection mold 10 for producing a fitter . 



cartridge 39 and comprising means for receh/- 
ing a strip ot slieet-like filter medium 12 be- 
tween hAlves which mate to form 1) inner and 
outer wails 18,22 of a cavity 14 for producing a 
p^pheral frame 30, 2) a shutoff 16 for pinch- 
ing said strip 12 sdong said entire inner wall 18, 
3) shutoff means 20 at said outer wall 22 
permitting each end of the strip 12 to extend 
across the cavity 14, and 4) means for inject- 
ing resin into the cavity 14 to flow through and 
disrupt each end of the strip 12 where it ex- 
tends across the cavity 14. 

8. An injection mold 10 as defined in daim 7 
wherein said inner shutoff 10 forms a serper>- 
tine path to receive. the longitudinal edges of a 
plooted strip Gff filter medium 12. 

9. An injection mold 10 as defined in claim 7 
wherein said shutoff means is a single shutoff 
20 along the entire outer wall 22 of the cavity 
14 to permit the strip of filter medium 12 to 
extend across the cavity 14 along its entire 
perimotor. 

10. An injection mold 10 as defined in claim 7 
wherein said inner 18 and outer 22 walls en- 
compass a rectangular cavity 14, and said 
shutoff means Include a shutoff 20 at the outer 
wall 22 of each of opposHe sides of the cavity 
14, each ehutoff 20 for roo^vlng one end off 
the Strip of fitter medium 12. 
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(£) A replaceablo filter cartridge (40) that hao o 
peripheral frame (44) and a sheetlike filter medium 
(42) can be made in an insert-molding operation. 
The mold (10) has a cavity (14) foir producing a 
peripheral frame (30) and shutoffs (16^0) penmitting 
each end of the strip (42) to extend across the cavity 
(14). Resin injected into the cavity (14) flows through 
and disrupts th© continuity of the strip (42) where it 
extends across the cavity (14), preferably fusing 
fibers of the filter medium (42) into the resin that 
forms the frame (30). When the filter medium (42) is 
pleated, its longitudinal edges are sealed to the 
frame (44) in a serpentine path. 
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